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The following tables of statistics contain more or less complete 
statistics for forty-four water works, which have used, more or less 
closely, the form adopted by the Association for summarizing 
statistics. Some of these works report under very few of the 
headings of the summary. 

The Editor has made no attempt to compile statistics from 
water-works reports which do not include at least a partial sum- 
mary. 

The report of the Committee on Uniform Statistics, containing 
the form as endorsed for use in the 1901 reports, is printed on page 

51 of vol. 15 of the Journat (March, 1902). The page for 
Financial Statistics was changed by vote of the Association in 
September, 1902, as reported in the December, 1902, JourNAL 
(vol. 16, p. 263). Blank forms for use in preparing summaries are 
printed by the Association, and will be furnished on request. 

Previous compilations of statistics may be found in the Jour- 
NAL, as follows: 

Reference to Journal. 

I, No. 4, p. 29 
II, No. 4, p. 28 

. 225 

. 127 

. 131 

. 273 

. 65 

. 367 

. 223 


, 
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In the various tabulations, statistics are given for the following 
places and years: : 


Place. Year 
5. Attleboro, Mass. ....... 1894-1902 
36. Marlborough, Mass. .................... 1900 
38. Metropolitan. Water Works, Mass......... 1900-02 
41. Minneapolis, Minn..................... .1900-02 
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New Deatord, Mass... 1886-1902 
45. New London, Conn..................... 1886-1902 
me Mohenectady, N.Y... 1886, 1900-01 
Waltham, Mass................ 1886-1902 
Whitunan, 1897-1902 
1900 
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‘THE FOLLY OF RECKONING BY GALLONS, WHICH 


DIFFER WIDELY IN CANADA AND THE UNITED 
STATES, WHILE -ALL COUNTRIES HAVE IDENTI- 
CAL LITERS AND CUBIC METERS. 


BY FREDERICK BROOKS, C. E*; BOSTON, MASS. 


[Presented September 10, 1903.] 

This subject is commonplace and hackneyed. It suggests that 
what has been before this convention should be reviewed from 
the metrological standpoint. The facts are familiar; and for that 
reason their importance may fail to be appreciated unless especial 
effort be made to draw attention to them. Many, perhaps most, 
of the wrong things that we do are caused by thoughtlessness 
rather than depravity; and it is desirable that we take advantage 
of being away from home to see facts in a new light. We are not 
merely out of New England, but out of the United States; let us 
look at ourselves from the outside and see ourselves as others see 
us. For the first time as an Association we are in Canada. Canada 
is an intermediary between Old England and the United States, 
being closely connected -politically with one and geographically 
with the other; and she is well situated for leadership, as she has 
left both those countries behind. 


DECIMALIZATION. 
In this city of Montreal last month the great Congress of Cham- 


bers of Commerce from all parts of the British Empire passed a 


resolution recommending to the British government decimal 
coinage for the empire. In decimalization Canada and the United 
States have left England behind, having adopted dollars and cents 
and abandoned the pound, shilling and penny reckoning which 
they formerly used and which England continues to use. Money 
deserves prominent mention because of the very close analogy 
that. exists, extending into many details, between the change in 
monetary reckoning and the change in weights and measures. 
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Our decimalization has included other things along with money; 
for instance, our discussion yesterday brought out the fact that 
Canada has adopted a ton of 2000 pounds, which in England is 
called the “ colonial” ton, so that the hundredweight in America is 
100 pounds, not as in England 112. We have reckoned lumber by 
the thousand feet of board measure, instead of cubic feet, cubic 
yards or cords, etc.; and slating or shingling by the “ square ” of 
100 square feet, disregarding square yards; and so on. Inreality our 
decimalization has been less an establishing of special units than 
a mental habit. of reckoning conformably to our “ Arabic ”’ nota- 
tion; and that’ habit has had markedly wider exercise in America 
than in England. I doubt if any kind of measure can be named 
in which multiplying or subdividing by ten has not been intro- 
duced as a practice amongus. Try such as pertain to water works. 
At this convention we have had some mention of annual rainfall. 
Those people who are sure that 12 inches used to make a foot and 
that the inch was divided by successive bisections hear no more 
of a rainfall of 4 feet 3§ inches than they do of a barometric read- 
ing of 2 feet 5t inches. We might have a rainfall of 51.62 
inches ina year. We have stuck to the inch and used our decimal 
notation for expressing multiples of the inch up to very high figures; 
and we have insisted upon writing fractions decimally. With 
cast-iron water pipes it has been similar. We have heard praise 
given, as was deserved, to this Association’s committee which 
recently reported on Standard Specifications and submitted ex- 
tended tables of dimensions of pipes. Diameters go up to 65.20 
inches and thicknesses go down to 0.34 of an inch; but there is no 
eighth inch or sixteenth inch as formerly written, and no foot 
expression of transverse dimension. Consumption of water has 
afforded another instance of the same kind. We have adhered 
to the little unit of a gallon even for immense quantities. The 
million of gallons, a number too large for the human mind to pic- 
ture adequately to itself, we have practically made our unit of 
higher denomination, ignoring the various multiples of the gallon 
that belonged to our old tables of measures. For instance, it has 
been exceptional with us to express consumption by the barrel, 
as in the statement made this morning in Mr. Venner’s paper, 
that, on the average, two-thirds of a barrel of water per day was 
disposed of for every pupil in the school-houses of Syracuse, N. Y. 
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In irrigation, quantities have sometimes been expressed by the 
acre-foot. In both these cases the attempt was.probably to use 
familiar units of which mental conception could be formed. As 
for small quantities, we have in Table No. 2 of Mr. Kimball’s 
valuable paper on ‘“‘ Test of Water Meters ”’ put before us this morn- 
ing, two decimals of gallons, the tenth of the gallon and the hun- 
dredth of the gallon; he does not use the binary subdivisions — the 
pint and gill well known to people generally. 


RELATIONSHIP. 

It is all very well to note that we left Old England behind. It is 
less flattering to our vanity, but more useful, to take up the point 
in which we were left behind by Canada and England.: This was 
in the establishment of systematic relations between units, espe- 
cially the relation of capacity measure to weight of water. Water 
was taken for the basis, not out of compliment to water-works 
men, but as generally recognized to be the proper reference in both 
ancient and modern weights and measures. It is the standard 
for comparison in the expression of specific gravity. The British 
Imperial gallon was made to hold 10 pounds of water; going up- 
wards and downwards,— 


The a holds 20 pounds, .| The quart holds pounds. 

The bushel ” ” The pint ” ” 

The quarter ,, 640 ,, The agg ounce ,,_ 1 ounce (Av.) 
ete, etc. 


Simple relationship has thus been established between such of 
these units as are specially used for dry measures and such as are 
specially used for liquids. In the British Pharmacopeia,the refer- 
ence manual of the apothecary, the avoirdupois ounce was intro- 
duced. The United States was left with what Great Britain long 
ago abandoned, separate liquid and dry measures without any 
simple precise relations; the name of quart we have applied some- 
times to a dry measure and sometimes to a different measure for 
liquids. We thought less of this long-standing difference while 
pursuing our routine work at home than we do on coming here and 


’ listening to Mr. Janin’s interesting account of the Montreal Water 


Works and running up against. consumption expressed in gallons 


‘ about_20 per cent. larger than our United States measure. It is 


here, where we have Canadian members with minds accustomed to 
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Impcrial gallons, that Mr. Kimball’s paper is presented with its 
tables full of our smaller United States gallons. The question 
naturally arises, What was the use of translating the results into 
gallons at all? The water meters Mr. Kimball tested read in cubic 
feet, the same in Great Britain, Canada, and the United States. 
He uses cubic feet in two different parts of his discussion besides 
the paragraph referring to the dials of the water meters. That 
gallons can be dispensed with in accounts is illustrated by Presi- 
dent Walker’s speaking here of a price per 100 cubic feet for water 
consumed. The latest edition (October, 1902) of Trautwine’s 
“Civil Engineer’s Pocket-Book” has four pages occupied with long 
figures for the interconversion of discharges in cubic feet per 
second and millions of gallons per day, both United States and 
Imperial, an instructive exhibit of the needless labor that has been 
imposed upon us by the diversity of our reckonings. An amusing 
instance of conflicting gallons appears in the August, 1903, Pro- 
ceedings of the American Society of Civil Engineers; a paper on 
South African irrigation mentions the price of ‘‘ Homelight ” 
kerosene oil as 11 shillings per case of 84 Imperial gallons; Yankee 
readers may guess that it was 10 United States gallons when the 
case started from home. 

In reality, our mental habit, even in the United States, has been 
to insist upon having relationship, if not simple and precise, then 
eumbrous and approximate. Let us briefly notice some relations 
that had to do with water. In their origin the old measures had 
telationship which has long lost any precision it ever had. Eight 
gallons went to the bushel and a gallon was 8 pounds; according 
to that a quart was 2 pounds, and there was reason in the first half 
of the old rhyme, “ A pint’s a pound the world around.” The 

' United States fluid ounce, or 16th part of a United States pint, has 
held a weight of water about 5 per cent. less than the ounce weight 
used in the United States Pharmacopeeia, and over 4 per cent. 
more than the avoirdupois ounce. The “ tun ”’ also bears witness 
to ancient relationship. As nearly as I have found out, the word 
“tun” meant something rounded, like a tunnel, a cask. Since for 

' tenturies commerce has included large shipments of several liquids 

besides molasses in large casks, the capacity of vessels has been 
expressed as tunnage or tonnage; and with their burden in tons 

We have set up a corresponding large unit of weight. We still 
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read in our arithmetical tables that four hogsheads make 1 tun 
and that the barrel is half a hogshead and is 31} gallons; the hogs- 
head, or fourth part of the tun, contains 252 quarts according to 
this liquid measure. Another measure, called the “ quarter,” 
containing 256 quarts or 8 bushels, and appearing to have been 
similarly connected with the tun or ton, has continued in use from 
ancient times in England, having been a very well-known unit in 
the grain trade; its name and approximate magnitude are preserved 
in the Imperial measure as just above stated. 

We have carried in mind a number of other relations which, 
though untrue, were well invented ; as that 74 United Statesgallons, 
or 30 quarts, were equivalent to a cubic foot; a cubic foot of water, 


’ to a thousand ounces; 14 cubic feet per second, to a million United 


States gallons per day; and the water contained in an inch pipe a 
yard long, to a pound. 
SYSTEM ADOPTED. 

Our two mental habits have free play in the metric system. 
Instead of our ancient division of a tun into 8 barrels, we now 
decimalize, and regard the nearly equivalent metric ton of water 
as consisting of 10 hektoliters, that is to say, ten hundred liters, 
and the quarter part of it as 250 liters and not 256 quarts (quar- 
ter) nor 252 quarts (hogshead). Forgotten relationship is restored. 
The liter, being between United States quart and British quart, 
between liquid quart and dry quart, between wine quart and 
beer quart, we naturally think of it. as a quart. Everybody knows 
the size in the form of a bottle, and knows how much its weight 
is reduced by the extraction of its liquid contents. That furnishes 
the commercial unit of weight, the kilo, or thousandth part of 
the ton. Thename “ liter’? corresponds with litron, a measure 
of nearly the same capacity in the series of dry measures formerly 
in use in Belgium, in France, in Louisiana until its cession to the 
United States 100 years ago, and here in Canada, where its use 
was for a long time established by British authority; for aught I 
know it may still be remembered here. The kilo of water or the 
liter, if in cubical shape, is the cube of 1 decimeter, the measure 
of a length which is perfectly familiar to us all, being practically 
the same as the “ hand,” the unit of measurement of height of 
horses. The width of common bricks is nearer to 1 decimeter than 
to 4 inches. The ordinary dimension of scantlings is nearer to 1 


: 
q 
4 
5 
a 
fe 
| 


BROOKS. 263 


decimeter than to 4 inches. One decimeter might have been as 
correctly used as 4 inches to designate the diameter of the pipes 
that make up a greater length than any other size in the schedule of 
cast-iron mains in this city submitted to this convention yesterday 
by Superintendent Janin; for the difference between the two may 
be neglected in view of the variations made in the actual interior 
diameters of pipes of the same nominal size. That metric measure 
ean easily be applied to existing water-pipe sizes was mentioned 
in a discussion by George E. Manning when the report of the Com- 
mittee on Standard Specifications was under consideration, as 
published a year ago in the JourNAL of the N. E. W.W. A., vol. 16, 
p. 133. The metric ton of water, or ten hundred liters, if in cubical 
shape, is the cube of 10 decimeters or 1 meter, the fundamental 
unit of length; and soon. The relationship extends throughout 
the system instead of being, as with old measures, exceptional, 
fictitious or obsolete. We have the same basis for measurement 
of excavation, of structural work, and of everything else, as for 
quantity of water. If we dig out a number of cubic meters of 
earth for a well, that number of cubic meters of water will fill it to 
the brim. If we build a tank to metric dimensions and compute 
its capacity as a number of cubic meters, it will hold that number 
of tons of water. If our filter beds take care of 1 000 cubic meters 
per hektar, that’s 100 liters per square meter, or a subsidence of 
1 decimeter measured vertically. Decimal multiplying and sub- 
dividing likewise extends throughout the system, instead of being, 
as with old measures, forced in where it conflicts with what is cus- 
tomary. If for every child in the Syracuse schools there is an aver- 
_age of 83 liters of water per day disposed of, it is needless to add the 
separate statement that it is 83 per cent. of a hektoliter. If the 
irrigation engineer has in his mind’s eye a meter’s depth of water 
over the area of a hektar, that:is 10 000 cubic meters, or 10 000 000 
liters. Trautwine has three pages mostly occupied with figures 
for the interconversion of expressions of pressure in pounds per 
square inch, pounds per square foot, and head of water in inches 
and in feet; the exclusive use of the metric system would make 
these pages unnecessary, for the moving of the decimal point does 
not require a table of long figures to exhibit it; a pressure of 1 kilo 
per square centimeter or 10 metric tons per square meter corre- 
Sponds to a head of 1000 centimeters, or 10 meters, of water. 
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Trautwine has a table of about a page for the conversion of inches 
and 32ds into feet and decimals, which could be dispensed with 
if all multiples and subdivisions went by tens; he has no table for 
the conversion of cents and mills into decimals of a dollar. 

Our inflexible adherence to the two mental habits above spoken 
‘of would have sufficed to account for our having adopted the metrie¢ 
system, even if we had not been forced into it by other considera- 
tions, especially the development of electricity and the growth of 
international trade. Here in Montreal three weeks ago the Con- 
gress of Chambers of Commerce of the British Empire passed a 
resolution favoring the completion of the introduction of the metric 
system throughout the empire. The publishérs of the Canadian 
Engineer, having an of*ce in this city, have published a metric 
chart, a copy of which is - ‘isplayed in the exhibition room for water- 
works appliances in connection with this convention, The latest 
revision of the British Pharmacopceia has introduced metric weight 
and measure throughout. The United States Pharmacopceia has 
gone further and completed the transition by omitting the old 
medley ; incongruous ounces, scruples, minims, and all are aban- 
doned. We can hardly take up a newspaper or periodical that 
‘has not some use of metric weights and measures in it. The 
system hits us on every side, including the water-works side. 
The new edition (1903) of Professor Merriman’s “ Treatise on 
Hydraulics” introduces metric data and tables along with the 
old units. The plan of the Lawrence filter that Mr. Collins 
showed us this afternoon had figures upon it in millimeters for 
‘the sizes of sand. The paper and discussion on the Physical 
‘Properties of Water and Turbidity in the N. E. W. W. A. 
JournaL of March last were mostly in’metric measure. The 
recent official publication of the report of the water purifica- 
tion investigation at New Orleans, of which Mr. R. S. Weston 
gave us an interesting account at one of our meetings last 
winter; shows extensive use of the metric system as well as of 
‘ancient weights and measures. It is a significant fact that the 
latest edition (October, 1902) of Trautwine’s “ Civil Engineer’s 
Pocket-book ” has fifty pages devoted to the subject of weights 
and measures; its extended treatment is appropriate to the present 
requirement for accurate translation of old reckonings into the 
metric system. For approximate translations, such -as we have 
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to make in our heads, a revised table is submitted herewith. (See 
page 267.) It is the easier to remember, because the same ratios are 
used repeatedly ; familiar relations, exact or inexact, among the old 
measures are adhered to, and equivalents are carefully grouped. 
As the hand is practically a decimeter, the yard, being 9 times as 
long, is 9 decimeters. The American, or net, ton is less than the 
English, or gross, ton by over 10 per cent.; as the English is about 
the same as the metric, the net ton corresponds to 9 hektoliters of 
water or 900 kilos. We remember the net ton as 2 000 pounds, the 
peck of water as 20 pounds and the United States liquid quart as 2 
pounds; that is, the peck is a hundredth of the net ton and is 9 
liters, while the United States liquid quart is a tenth of the peck 
and is 0.9 of a liter or of a cubic decimeter. The cubic foot is 30 
quarts, hence 30 times 0.9, or 27, cubic decimeters; and, if of 
water, weighs 27 kilograms. The ounce, or thousandth part of 
the cubic foot of water, is then 27 grams. The smaller figures 
inserted in parentheses are accurate enough for use in business 
transactions. 


WHAT ARE YOU GOING TO DO ABOUT IT? 


There are a number of things to be done. Let each of us post 
up in his office a metric chart, the Canadian Engineer publishers’ 
or any other. Let it be the rule that any plan of importance 
enough for a linear scale shall have a metric linear scale, and let 
this rule be enforced upon any plans published in the JourNat of 
the N. E. W. W. Association. Let us make known to the Secre- 
tary of the Treasury of the United States that we wish the metric 
system to be exclusively used in the customs service from the 
earliest possible moment. The thing which I have particularly to 
speak about is that the form recommended in this Association for 
water-works statistics should provide for the expression of 
consumption of water in metric measure, whatever other equiva- 
lent expression may be allowed along with it for a little time to 
come. The Association’s purpose in having a Committee on 
Uniform Statistics is obviously to get the water works of the differ- 
ent cities and towns of New England to use the same form in mak- 
ing up statistics, so that they may be readily comparable. The 
same idea requires, for the sake of comparing with places outside 
of New England, that the form should agree with what is used else- 
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where. This Association has members in Canada and England, 
and they have statistics in gallons about 20 per cent. larger than 
the United States gallon. What these three countries have done to 
promote uniformity is to establish the international metric system, 
the same in the English-speaking countries and also in the non- 
English-speaking countries. We hear of the number of bacteria 
per cubic centimeter in the water supplies of continental Europe 
as well as of Great Britain and America. Mr. Metcalf has come 
back from Porto Rico and told us this evening of the metric sys- 
tem having been used on the military road there. There are 
other parts of the world where Spanish, Dutch, Japanese, and other 
languages are spoken, and where there are water works from whose 
statistics we might sometime learn by comparison.* It has been 
announced upon our program that a report from our Committee on 
Uniform Statistics is in order following this discussion of mine. I 
have accordingly taken the liberty of addressing notes to the 
members of that committee, inviting them either to report a 
recommendation that metric capacity measure be introduced for 
the expression of quantities of water consumed in the Association’s 
form of statistics, or else to participate in the discussion of this 
topic and explain why not. 


* As this discussion is being revised for the printer, the September number of Pro- 
ceedings of the American Society of Civil Engineers is issued, containing a paper of fifteen 
or twenty pages on Filtration for Public Water Supplies, with Especial Reference to the 
Double Filtration Plant at Bremen, Germany. The paper is written in metric measure 
throughout, and contains scarcely any mention of the ancient method of reckoning. 
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MUNICIPAL USE AND WASTE OF WATER. 


BY JOHN VENNER, CHIEF INSPECTOR, BUREAU OF WATER, SYRACUSE, N.Y. 


[Read September 10, 1903.] 

Mr. President and Gentlemen : — At almost every meeting of 
this Association there is a discussion of the questions of waste of 
water by private consumers and the stealing of water from fire 
services, together with suitable suggestions as to how to prevent 
thesame. On these questions I think that all agree that the meter 
should be the only arbitrator. 

There seems, however, to have been too little attention given 
to the matter of “‘ municipal economy ” in the use of water. This 
has led me to believe that the subject of waste in public buildings 
would be of interest to you. 

With the rapid growth of cities the difficulty of obtaining and 
maintaining an adequate supply of good water becomes a very 
serious one. Many cities have had to go long distances for their 
supplies, spending large sums of money in the building and main- 
tenance of conduits. Careless and unrestricted use of water causes 
these conduits to reach the limit of their capacity long before they 
should, and necessitates the building of new lines. It is safe to 
say that nearly all cities have an enormous expense in pumping 
considerably more water than is needed for legitimate use. 

Many of the members of this Association are familiar with the 
water-works system of the city of Syracuse. For the benefit of 
those who are not, I will give a brief description of our water 
supply. 

We obtain our water from Skaneateles Lake, about 19 miles 
distant from the city. This lake is a feeder of the Erie Canal, and 
special legislation was necessary before it could be used by the 
city. A vast amount of opposition was encountered, and when 
the state finally consented to its use by the city the size of the 
supply conduit was limited to 30 inches in diameter. The amount 
of water that this conduit will discharge is estimated to be about 
14 000 000 gallons daily. 

The average daily consumption is fast reaching this limit, there 
having been nearly 12 000 000 gallons used daily during the year 


‘ 
4 
4 
a. 
| 
4 
af, 
4 
a: 


VENNER. 269 


1902. This condition of affairs has made it necessary for the city 
to take steps to reduce the consumption by stopping all waste 
possible, thus prolonging the usefulness of the present conduit. 
This led to a study of methods by which this reduction could be 
accomplished. 

It was in this connection that I took up the matter of public 
waste, commencing with the public schools. — 

There are thirty-four of these buildings, and all have been 
metered since February, 1903. 

The following table shows the daily consumption of water per 
pupil, in gallons, based upon the average daily attendance in each 
school: 

Consumption oF WaTER PER Purim THE Pusiic ScHOOLSs oF 
Syracusg, N. Y., ror Montus or 1903. 
Per capita consumption, in gallons. 
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etiendance. Moreh. April. May. 

3 Townsend ............. 481 

5 Franklin .............. 826 

12 Commercial .. ......... 86 

14 Tompkins ............. 388 
ontgomery .......... 
23 Andrew Jackson ....... 353 a 

| 25 New High School ....... 1 267 _ 
26 Seymour .............. 665 a 
| 27 Truant School ......... 16 . 
28 Delaware ............. 528 
| 

| $2 Danforth .............. 348 
83 Elmwood ............. 224 
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The wide variance in daily consumption in the different schools, 
ranging from 2.3 gallons to 497 gallons per pupil, shows plainly 
that in some there must be very large waste. 

The average daily consumption in the public schools for the 
months of March, April, and May was about 20 gallons, or two- 
thirds of a barrel of water for each pupil. 

The average number of gallons used daily in all of the schools 
for the three months- mentioned was about 450000, or 3.6 per 
cent. of the city’s entire consumption, and represented a value, 
figured at the usual rates, of about $1000 per month. The 


’ Bureau of Water receives no compensation from the city for 


water used for municipal purposes. 

Prior to the introduction of meters in school buildings little or 
no effort apparently was made to prevent waste of water through 
defective fixtures, and such waste not only occurred during the 
time th&t schools were in session, but also was allowed to continue 
during vacation periods. Since the placing of the meters the 
water has been turned off from the buildings during all vacations. 
This fact makes it evident that the use of water in the schools 
before they were metered was even greater than the above table 
shows. 

There is no doubt that most of the waste in schools is due to 
lack of proper care of plumbing and to carelessness of children in 
leaving water running from the faucets. 

As a remedy for the first condition I would suggest that a 
thorough inspection of each school be made with regard to the 
condition of the fixtures, and to ascertain what conditions there 
are that might tend to increase or decrease the legitimate use of 
water; and that from this basis a reasonable per capita consump- 
tion for each school be arrived at. Whenever this consumption 
is exceeded to any large extent the school officials should be held 
responsible. Through the hearty codperation of both water and 
school officials in this matter, I have no doubt that there could be 
effected a very large saving of water. 

To prevent carelessness in leaving water running unnecessarily 
I would suggest that, wherever it is possible, all faucets in schools 
be required to be of the self-closing style. 

These measures are to be carried out in the city of Syracuse. 

The same conditions that exist in the school buildings doubtless 
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exist in other public buildings, and we are now engaged in placing 
meters on engine houses, public baths, etc. 

In this paper I have not gone as deeply into this subject as I 
might, as I intend, at some later meeting of the Association, to 
give you our experience in detail, covering fully the use of water 
in all of our public buildings, parks, etc., as well as for watering 
troughs, street sprinkling, and flushing of pavements. 
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HISTORY AND DESCRIPTION OF THE MONTREAL 
WATER WORKS. 


BY GEORGE JANIN, C.E., SUPERINTENDENT MONTREAL WATER 
WORKS. 


[Read September 9, 1903.] 
- On the occasion of the convention of the New England Water 
Works Association in Montreal, the author thought it would be 
interesting to the members of the Association to give a brief his- 
tory and description of the Montreal Water Works. 

A few introductory words regarding the city of Montreal will 
not be out of place, before describing the aqueduct system. 

The city of Montreal was founded in 1642, when Canada was 
under French domination, but it was some years before the town, 
on account of its industrial and commercial importance, assumed 
the dignities of the metropolis of the country. Montreal’s attain- 
ment to this distinction is the result of its commanding geogra- 
phical position on the banks of the St. Lawrence River, at the 
terminus of ocean navigation. 

Montreal possesses a salubrious climate; itis very cold in winter 
according to the thermometer readings, but owing to the lack 
of humidity in the air, the cold is not merely tolerable but 
pleasant. 

The area included in the limits administered by the city corpo- 
ration is about 6000 acres, containing a population of 266 466 
souls, not counting any of the large suburban municipalities, which 
are not separated from the tity by any natural boundary but really 
form part of the city, and which, if annexed to the city, as they 
soon must be, would bring the population to 350 000 souls. 

The water supply of the city, with the exception of St. Denis 
Ward, is under the control of the municipal administration, which 
owns the aqueduct and imposes a rate for payment. St. Denis 
Ward and the suburbs are supplied from a private company, the 


‘Montreal Water and Power Company. 
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As for all old cities,the aqueduct of Montreal had a very modest 
beginning. Towards 1800 the water from springs was diverted 
from Mount Royal and distributed through some of the streets of 
the city in wooden pipes. In 1815 this precarious supply was 
replaced by a system of distribution of water pumped from the 
river and raised into tanks containing 240 000 Imperial gallons.* 
In 1845 the city bought this system from a private company, after 
which an epoch of progress was begun by the construction of a 
reservoir containing 3000000 Imperial gallons and situated at 
that time outside of the city at a place called “‘ Céte 4 Baron.’ 
This reservoir, now abandoned, has been turned into an orna- 
mental fountain in one of the squares of the city (St. Louis 
Square). : 
The time had now arrived when the intake from the river, in 
the middle of the harbor, and consequently exposed to all sorts of 
polutions, could no longer be used with hygienic safety to supply a 
city full of future promise and anxious for the health of its inhab- 
itants. As early as 1847 it had been proposed to take water at the 
Lachine Rapids, above the city, and to make use of the power of 
these rapids to raise the water, but this scheme, and others similar, 
were not seriously considered until 1853, when the city council 
concluded to confer upon Mr. T. C. Keefer, civil engineer, the duty 
of preparing plans for an aqueduct capable of supplying 5 000 000 
Imperial gallons daily. The study of this project, its examination 
by consulting engineers, etc., postponed the beginning of its con- 
struction to the year 1853, and its termination to the year 1854. 
The system then established included an open canal 43 miles 
long, having its entrance about one mile above the Lachine 
Rapids, at an elevation of 37 feet above the level of the harbor 
of Montreal. The dimensions of the canal were 40 feet wide at 
the water surface and 8 feet deep. This canal, throughout most 


_ Of its course, is actually used to supply the city at present. 


At the time of its construction this canal supplied more than 
sufficient water to develop 300 horse power, and to raise 200 feet 
above the level of the water in the harbor 5 000 000 Imperial gal- 
lons of water, being at the rate of 40 Imperial gallons per capita 
for a population double what it was then (60000). At the end of 
that canal were situated the settling basin and the wheel house, 


* 1 Imperial gallon = 1.2 United States gallons (approx.). 
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about as they stand to-day. The hydraulic motive power was 
utilized by two breast wheels working six pumps to raise the 
water to a reservoir situated on the slope of Mount Royal 
along McTavish Street, forming the present low level reservoir, 
which is but an enlargement of the original one. That reservoir 
had then a capacity of 15 000 000 Imperial gallons. 

The whole of this system had been well devised for the quality 
and quantity of water necessary for a limited future, sufficient in 
fact for a population double what it was then; but the rapid 
increase of population, which has nearly quintupled since, and 
the inconveniences produced by the severity of our winters on 
the wheels, have necessarily obliged the authorities of the water 
works to substitute turbines for breast wheels, and also to con- 
struct an auxiliary steam plant, with a view to replacing 
hydraulic power during the times of low water in summer, and 
during the winter on account of ice, frasil, ete. The steam plant 
was also found to be necessary to provide for the insufficiency 
ef the water power, when the consumption of water by the 
city exceeded that for which provision had been made when 
the canal was constructed. 

The author having mentioned a few moments ago the serious 
difficulties due to the severity of the winters, when ice is formed 
im the aqueduct and paralyzes the work of the hydraulic wheels, 
he believes that the best way to illustrate these difficulties would 
be to present to the audience a few cross-sections of said aqueduct 
made in 1866, during the month of March (Fig. 1). These 
sections show that the amount of ice formed results in a decrease 
in the supply of water furnished by the aqueduct, and explain 
the temporary incapacity of the hydraulic plant. These are the 
chief difficulties which have been encountered from 1856 to the 
present time, and it was owing to them that the authorities of the 
water works changed the breast wheels for turbines and made 
successive additions of steam pumps, until the present plant at ° 
the low level station, which will be explained further, was erected 
as it stands now. 

Meanwhile the population of the city was increasing, and was 
extending itself upon the heights situated east of Mount Royal, 
at an altitude too great to be supplied by the system, whose summit 
was at the McTavish Reservoir. 
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This state of things necessitated the establishment of the present 
high level system, that is, the construction of the reservoir at mid- 
way on the mountain slope, and of a pumping station to carry the 
water from the low level system to the high level distributing 
service, to a height of 422 feet above the level of water in the. 
harbor. A Worthington steam pump, with a daily capacity of 
500 000 Imperial gallons, was then sufficient to supply ‘the high 
level system. . 

As the changes were being made to the low level machinery, as 
mentioned above, several schemes were prepared to put the aque- 
duct in condition to supply the wants of the rapidly increasing 
population without necessitating the resort to the expensive use 
of steam. All of these schemes had in view one of two objects : 
the increase of water power or the substitution of a gravity 
supply. Montreal is not advantageously situated to make use of 
this latter scheme. Built upon an island, bordered on one side 
by the St. Lawrence River, — whose width precludes any idea of 
viaduct or syphon to bring water supply on this side, —on the 
other side it is bordered by a branch of the Ottawa River and 
adjacent to another island, formed by the same river dividing 
itself into two branches, not so wide as the St. Lawrence 
River, but of sufficient width to make the bringing across of 
@ gravity aqueduct very expensive. 

To avoid these financial difficulties, nothing was left but to find 
north of the city a water supply taken at a sufficient altitude (that 
is, more than 425 feet above the St. Lawrence), adequate to the 
present and future wants of the city. The ridge of the Laurentian 
Mountains, whose first summit. is situated more than 30 miles from 
Montreal, was the only spot where such a water supply could be 
found. Surveys and levels were made, and established the fact 
that a water supply could be taken from Lake Ouareau, situated 
at an altitude of 450 feet and at a distance of about 60 miles from 
Montreal, but the estimated cost of such an undertaking pre- 
vented the further study of it. Consideration of the gravity plan 
was consequently superseded by the study of a sufficient hydraulic 
power system. While on this question the author would like to 
add that it is his opinion that the scheme of carrying water from 
the Laurentian Lakes would result in difficulties other than the 
supposed heavy cost. The water would be sure to be contaminated 
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in a country where the watershed supplying the lakes is entirely 
covered with forests, where timber cutting on a large scale is con- 
stantly going on, employing a large number of men and horses; 
and numbers of the creeks run nearly dry in summer and would 
only supply at the chosen locality impure waters. These and 
many other considerations were the causes which led to preference 
being given to the plan of the superintendent then in charge of the 
water works, Mr. Louis Lesage. This scheme was simply to carry 
the entrance of the aqueduct 3 000 feet up the river and to make 
it 130 feet wide at the water surface, 78 feet wide at bottom, and 
14 feet deep. 

These dimensions would provide sufficient power to supply 
30 000 000 Imperial gallons. In 1877 the construction of works 
on this plan was begun, the new entrance of the aqueduct was 
made, and the aqueduct was dug 130 feet wide for 4 800 feet in 
length, as it stands to-day. The cost of the work prevented 
its continuation, and this accounts for the periodical growth 
of the steam plant. 

However, this beginning of enla.gement had a favorable effect 
on the water in the aqueduct and the formation of ice, in such a 
way as to better protect the efficiency of the hydraulic pumps. 

In 1878, the low level reservoir (McTavish) having become in- 
sufficient, it was enlarged so as to bring its capacity to 37 000 000 
Imperial gallons. In 1889 the population fed by the high level 
system had increased so much that a new steam pump, of 2 500- 
000 Imperial gallons’ capacity had to be provided for this district. 
This increase in the population is still going on, and the necessity 
of ensuring its supply against any uncertainty led the author to 
have the city council provide for the installation of a pump oper- 
ated by electric power, which pump, of a capacity of 5 000000 
Imperial gallons, is at present in process of erection. When it is 
in operation the old steam plant will be kept as a duplicate in 
case of emergency. 

The successive changes which the author has attempted to- 
explain to his best ability have placed the Montreal Water Works 
in a position to provide a daily average water supply of about 
24 000 000 Imperial gallons, which is sufficient for the present 
population. 

The question of increasing the motive power will again shortly 
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present itself, and the competition of schemes similar to those 
already spoken: of will be open again, together with a scheme of 
water filtering, because although the water taken in the river is 
generally wholesome, the:spring-time has always a bad effect upon 
the waters, this being caused by the snow melting and the dis- 
charge into the river of the drainage of the lands along its banks. 
This inconvenience, although temporary, has led the public to 
wish to see a water filtering system adopted, and the municipal 


authorities will have to deal shortly with this question. 


DESCRIPTION OF THE WATER WORKS. 


Aqueduct. — As already stated, the present source of water 
supply for the city is the St. Lawrence River, from which the aque- 
duct has its entrance 14 miles above Lachine Rapids, 38 feet above 
the level of water in the harbor. 

The present aqueduct, from the entrance to the junction of the 
old aqueduct, has a mean width of 140 feet and a depth of 14 feet, 
for 4 800 feet; it is then continued by the old aqueduct, which 
has a mean width of 30 feet, a depth of e feet, and is 26 200 feet 
long. The fall is 5 inches per mile. 

The aqueduct ends at a settling basin of a capacity of 1 064 885 
cubic feet, used for the distribution of the motive power to the 
hydraulic engines and-for the drawing of the water supplying the 
city. 

At the mouth of the aqueduct a pier about 1000 feet long has 
been built for the purpose of slackening the current of the river. 
Sluice-gates, situated at the mouth, and 2 dams with movable 
gates, situated in the canal, regulate the level of the water; 18 
bridges cross the canal and afford the means of circulating on the 
roads which connect the several portions of the riverside proper- 
ties. 

Low level pumping station. — The water is raised by means of 
two systems — by hydraulic machines to the extent of about 60 per 
cent. of the consumption and by steam engines for the balance. 

The total quantity of water raised by the pumping apparatus 
of that station during an last fiseal year was 8 167 734 489. Im- 
perial gallons... 

There are several buildings connected with the low level pump- 
ing station, of which: these are three principal ones, —the first 
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Fig. 2.— STILL WATER BasIN AT ENTRANCE OF AQUEDUCT. 
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Fic. 2.— ROAD BRIDGE AT ENTRANCE OF OLD AQUEDUCT. 
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PLATE IV. 


Fig. 2.— Low LEVEL PuMPING STATION AND SETTLING BASIN. 
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Fic. 2.— Low LEvEL PuMPInG STATION AND TAILRACE. 
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PLATE VI. 


Fic. 2.— McTavisH STREET RESERVOIR — SOUTH END VIEW. 
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contains the turbines, operated by the aqueduct water itself, 
and 4 sets of pumps, namely: 


No. 1. — A Jonval turbine, with 2 double-acting pumps, which 
can pump 4 000 000 Imperial gallons per 24 hours. 


No. 2.—A “Samson” horizontal double wheel, with 2 
double-acting pumps and an air reservoir, which can pump 5 000- 


000 Imperial gallons per 24 hours. 
Diameter of the wheel .....................44. 40 inches. 
Interior diameter of the air reservoir ........... a 


No, 3. — A “ Jonval ” turbine, with 3 double-acting pumps and 
2 air reservoirs, which can pump 3 000 000 Imperial gallons per 
24 hours. 


Interior diameter of the air reservoirs ........... 6 ,, 6 inches. 


No. 4. — A “ Jonval ” turbine, with 2 double-acting pumps and 
an air reservoir; capacity, 3 000 000 Imperial gallons per 24 hours. 

The overflow of the settling basin and the water operating the 
hydraulic machines falls into a waste channel, below the building, 
and after a course of about 3 500 feet, flows into the St. Lawrence 
River, opposite the downstream point of the Nuns’ Island. 

The second building contains the steam-engines, comprising 3 
sets of pumps, namely: 


No. 1.—A high-duty. Worthington engine of a capacity of 10 000- 
000 Imperial gallons per 24 hours. 


Diameter of the high-pressure cylinder .......... 283 inches. 
” low 574 ” 
314i, 
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No. 2.—A high duty Worthington engine of a capacity of 
10 000 000 Imperial gallons per 24 hours. 


Diameter of the high-pressure cylinder ........ .. 25 inches. 
Interior diameter at the feeding cylinder 


No. 3. — Ahigh duty Worthington engine (duplex) of a capacity 
of 8 000 000 Imperial gallons per 24 hours. 


Diameter of the high-pressure cylinder ....... ... 33} inches. 

Interior diameter of the air reservoir ........... eee 


The third building contains the steam generators, which consist 
of 2 batteries of 3 Heine boilers each, and a battery of 3 Lancashire 
boilers. 

The other buildings are used as sheds for the storage of coal and 
supplies, machine shops, and employees’ dwellings. 

From the pumping station the water is forced into the low level 
reservoir and into the pipes through two mains of 30 inches di- 
ameter, having together a length of 16 102 feet, and through two 
24-inch mains having a total length of 27 709 feet. : 
- One of the 30-inch mains is still unfinished and only branched 
upon the other of the same diameter, after their passage under 
the Lachine Canal. 

The other 30-inch main does not extend as far as the reservoir; 
at the intersection of McGill College Avenue and Sherbrooke 
Street it is connected with the two 24-inch mains, which alone 
go as far as the reservoir; from that point, the said 30-inch main 
extends on Sherbrooke Street as far as Delorimier Avenue, near 
the eastern limits of the city. 

Low level reservoir.— The pumps at the low level station raise 
the water up to the main reservoir of the city, situated at the angle 
of McTavish Street and Carleton Road, at the altitude of 204 feet 
above the river and 165 feet above the intake basin of the low 
level pumping station. 
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The said reservoir, dug into the rock, has its bottom on the 
uneven bed of the excavation, and its perimeter walls are partly 
formed by the sides of the excavation, the rest of the walls 
being composed of unciessed stone masonry pointed with cement. 

It is divided into two equal parts by a masonry wall of the 
same character as the perimeter walls. 

The capacity is 37 000 000 Imperial gallons of water. 

A building attached to said reservoir contains the valves and 
sluice-gates regulating the distribution and the reserve of water 
for the section of the city supplied by the low pressure; said sec- 
tion comprising all that part of the city extending from the St. 
Lawrence River to the following limits (northwards): Sherbrooke, 
University, Prince-Arthur, Durocher, Pine Avenue, St. Lawrence, 
Duluth, Cadieux, and Mount Royal streets. 

High level pumping station. — A building erected on the land 
adjoining the above-mentioned reservoir contains the high level 
pumping machines, which consist of 2 pumps operated by steam. 

1. A high pressure Worthington pump (duplex) of 24 horse- 
power and of a capacity of 500 000 Imperial gallons per 24 hours. 
(This pump is almost unfit for use.) 

2. A high pressure Gilbert pump (compound system) of 250 
horse-power and of a capacity of 2 500000 Imperial gallons per 
24 hours, 

The steam is supplied by a sectional tubular boiler of the Cald- 
‘well high pressure type, 200 horse-power, fed by 2 American 
mechanical stokers. 

Old boilers of the locomotive type of 120 horse-power each are 
still used during the cleaning, or when accidents take place to the 
Caldwell boiler. 

The pumps take the water from the low level reservoir and raise 
the same by a force main of 20 inches and 12 inches diameter and 
1 674 feet long, passing through McTavish Street, Pine Avenue, 
Mt. Royal Park, and ending at the high level reservoir, situated on 
the slope of the mountain, opposite Peel Street, at the altitude of 
434 feet above the viver and 230 feet above the low level reservoir. 

As above mentioned, a new 5000 000 Imperial gallon electric 
pump is in course of erection at this pumping station. It will 
replace the very old steam plant, which will be completely over- 
hauled and will be kept in good order in case of emergency. 
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High level reservoir. — This reservoir is built about in the same 
way as the low level reservoir. It is composed of only one com- 
partment. 

Its capacity is 1 750 000 Imperial gallons; it equalizes the water 
supply, and contains the reserve for the section of the city supplied 
by the high pressure. 

The district so supplied comprises all that part of the city lying 
north of the limits above mentioned for the low pressure. 

Distribution system. —In addition to the force mains raising 
the water into the reservoirs, the distribution system of the city 
is composed of : 

28 509 feet cast-iron mains of 30 inches diameter. 


66 198 ” ” ” 24 ” ” 
13 040 ” ” ” 20 ” ” 
17 493 ” ” ” 16 ” ” 
237 887 ” ” ”? 12 ” ” 
122 179 ” ” ” 10 ” ” 
123 873 ” ” ” 8 ” ” 
256 714 ” ” ” 6 ” ” 
329 990 ? ” ” 4 ” ” 
2 239 ” ” ” 3 ” ” 

: 518 ” ” ” 2 ” ” 
625 ” ” ” 1} ” ” 


Total 1 119 274 feet or 212 miles. 


A map of the distribution system is shown in Fig. 2. 

The distribution of water by these mains is regulated by means 
of 3 082 valves of various diameters. 

These mains supply 1 772 public hydrants and 58 private ones. 

They are all laid underground, in cut, with the exception of a 
portion of the 24-inch force mains, which are contained in an under- 
ground gallery for a distance of about 120 feet, from the Carleton 
Road crossing to the low level reservoir. 

The water is distributed to the ordinary consumers by free 
cocks and to manufacturers, etc., by meter. 

In order to complete the description of the system, I will men- 
tion the central shops and stores, situated at the corner of St. 
Charles Borromée and Lagauchetiére streets, in the center of the 
city, and the secondary shops on Cadieux, Grand Trunk, and 
Desery streets, which provide for the wants of the service in the 
distant wards. 
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SERVICE BOXES OF THE MONTREAL WATER WORKS. 


BY T. W. LESAGE, ASSISTANT SUPERINTENDENT, 
MONTREAL WATER WORKS. 


[Read September 9, 1903.] 


In Montreal the water rates are not on the property, but they 
are a direct tax on the tenants or householders, who pay according 
to the assessed rental of the premises occupied. 

The only means of ensuring payment of these rates by the city 
is to control the supply by a stopcock on the water service pipe 
at the sidewalk line. Thus each tenant ratepayer has to be pro- 
vided with a separate stopcock and box. 

An ordinary two or three-storied house in the most populous 
section of the city will often contain from four to six or eight 
tenements respectively, and will require that number of separate 
service cocks and boxes in the sidewalk. Besides the great num- 
ber of service boxes called for by this disposition of the water rates, 
there is also the severity of the climate to be contended with. The 
frost line in winter is generally at a depth of four feet or more, and 
in certain soils or localities it reaches a depth of over six feet. The 
service cocks are generally laid at sufficient depth to be free from 
frost, but the box itself in the upper parts is always subject to the 


upheavals and disturbances caused by it. Thus it may be seen 


that the question of efficiency at all times of these service boxes 
is one of importance in the department. 

There have been many attempts made to improve or simplify 
the service in that respect, and a number of styles have been used 
and changes made in service cocks and boxes to meet all condi- 
tions. 

The simplest and most ready-to-hand box is the wooden service 
box. It was early adopted in Montreal. It is made of four pieces 
of two-inch plank nailed together, the inside measurements being 
four inches square at the bottom by about two inches square at the 
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This primitive box was soon found troublesome from the effect 
of frost, especially in clayey soils. The heaving from this cause 
made it inoperative as a guide to the stopcock, and caused numer- 
ous accidents by its projecting above the sidewalk level. It was 
always next to useless after several years, and had to be dug up in 
order to get at the cock. 

About twenty-five years ago the city adopted the first tubular 
iron service box with rod. This box was a one-inch wrought-iron 
tube fitted to a cast-iron bottom piece with projecting flange, 
allowing of telescopic action. (See Plate I.) It contained a 
fixed rod pinned to the stopcock and extending up through the 
tube to permit of working the cock from near the surface of the 
street. It was an improvement on the old wooden box, due to 
the telescopic action of the upper tube in the bottom piece. 
It soon proved defective from the rapid rusting and clogging of 
the rod in the narrow tube. The-telescopic arrangement, consist- 
ing of a vertical groove in the cast-iron base, was also subject to 
rapid corrosion. 

The next improvement in the city was the pneumatic stopcock, 
shown in cross-section by Fig. 1. This was an attempt to do 
away with the service box altogether by an improved style of 
service cock. Its mechanism consists of a vertical piston acted 
on by compressed air; the lower end of the piston rod having a 
rubber valve, by its up-and-down motion serves to open or 
_ close the water passages of the cock. The cock is worked from 
the surface of the street through one-eighth-inch brass tubes 
with a pump such as bicyclists use. This pneumatic cock was 
expected to do away altogether with the service box and all its 
disadvantages. Theoretically, it appeared to be the solution of 
the difficulty. However, a few years’ experience showed several 
defects in its practical operation. The brass tubes, owing in 
most cases to defective setting, were acted upon considerably by 
frost. They split and became leaky and inoperative. Then 
again, a sudden shutting of the main pipe on the street, and the 
consequent partial vacuum in the pipes, caused the unusually 
Sensitive air pistons to fall by their own weight and thus close 
the cocks. The crooked water passageway of the cock in use was 
also liable to silt up more rapidly than the ordinary straight- 
way cock. It. was generally felt that the mechanical disposition 
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and arrangement of the pneumatic cock, with its working tubes, 
required too fine setting and adjustment, and was unsuited to 
the rough-and-ready manipulation of the ordinary laborer. 
Another tubular iron box was introduced consisting of inch and 
a quarter or inch and a half galvanized-iron pipe, fitting with a 
telescopic sleeve joint into a bottom piece made of vitrified 
clay. (See Plate I.) The top piece or sidewalk plate is a neat 
brass cap with screw threads fitted to a brass nipple on the end 
of the galvanized pipe. The first cost of this box is high, and 
its maintenance somewhat expensive. The threaded nipple and 
brass sidewalk caps were the chief source of trouble, as there 
appears to’ be galvanic action set up in the contact of brass 
and galvanized iron, which soon causes the serew threads on 
the iron pipe to corrode and the brass caps to fall off. Then 
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again the brass caps and nipples are valuable as scrap. They are 
easily removed and converted by the unscrupulous to the junk 
shop, thus requiring constant renewals by the department. 

The present service box as it is being laid to-day consists of an 
inch and a quarter or inch and a half ordinary tarred iron pipe 
about 4 feet long, fitting with a telescopic service jojnt into a bot- 
tom piece of wood or vitrified clay, about 2 or 3 feet long. Two 
slits are made in the upper end of the iron pipe about 2 inches 
lengthwise, and the ends are turned back or splayed at right 
angles to form a projection to fit in the cast-iron base of the side- 
walk plate. (See Plate I.) This sidewalk plate or casing is of 
cast-iron, cylindrical in form, about 6 inches deep by 4 inches 
wide. When set in the concrete of the sidewalk pavement it 
is perfectly rigid and the inside tube has several inches vertical 
play inside but cannot disturb the surface of the pavement. 
The service cocks are fitted with $-inch rods carried up to within 
2 feet of the sidewalk level. The box complete, comprising rod, 
tube, bottom piece of wood and deep cast-iron sidewalk casing, 
costs about $1.90. The deep cast-iron sidewalk casing in itself 
weighs 23 pounds and costs 69 cents. The cast-iron removable 
cover is of the pattern of one long in use in the department and 
therefore interchangeable with the old covers in all parts of 
the city. Though bulky enough to be not easily lost sight of, it 
is not of sufficient intrinsic value as scrap iron to become an 
object of much trading among second-hand dealers. This box 
combines simplicity and cheapness and has all the advantages 
of more pretentious and expensive arrangements for the same 
purpose. It will escape the inevitable decay of time and 
weather in exposed situations about as long asany. It has one 
valued improvement by the fact that the tube or box itself can no 
longer be worked up by frost above the sidewalk level, thereby 
doing away with a fruitful source of accidents and damages 
against the city. 
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THE LAWRENCE FILTER. 
BY M. F. COLLINS, SUPERINTENDENT LAWRENCE WATER WORKS. 
[Read September 10, 1908.] 


I have been requested by your President to bring before you, in 
a short talk about the Lawrence filter, the method of its opera- 
tion and certain features of the results. Rather than bore you by 


a long paper, I have thought it best to show slides of the filter and © 


its operation, and say a few words about each as it appears. 

The Lawrence filter (see Fig. 1, plan of filter) was built in 1892- 
93 after designs and under the direction of Hiram F. Mills, C.E., 
member of the Massachusetts State Board of Health and citizen 
of Lawrence at that time. Its original cost was $65 000.00. The 
additions and improvements in subsequent years have raised the 
total cost to about $80 000.00. The filter is supplied with water 
from the Merrimac River by gravity, and the filter drains into 
an old filter gallery or brick conduit along the north side, which 
empties into the pump well. 

The unique feature of the filter is that it has an undulating sur- 
face, divided into parts by concrete troughs, over which the water 
flows gradually as the filter is being filled when started in opera- 
tion. This design was caused by the plan for intermittent opera- 
tion, which was deemed necessary in order to thoroughly mingle 
air with the water for better purification. In addition, the size of 
the sand directly over and for five feet each side of the underdrains 
was finer than that in the intermediate section (size, 0.25 mm. 
to 0.30 mm). However, the need of intermittent filtration has 
not been apparent, and, as the demand for water has been con- 
stant and large, the filter has been for some time operated in a 
continuous manner, that is, without periods of rest each day for 
the purpose of allowing air to penetrate into the sand. Also, as 
sand has been scraped from the surface from time to time and 
replaced each year, it has come to pass that the distribution of 
sizes in different sections is no longer maintained and all of the 


sand is about the same size. 


SCRAPING. 


When it becomes necessary to scrape a section of the filter the 
inlet to that section is shut off the night before, and if water is not 
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Section As 
Fie. 1.—'THE LAWRENCE FILTER, AS ORIGINALLY DESIGNED. 


going through the sand fast enough to have the surface clear by 
morning, the 8-inch centrifugal pump which was put in for the 
purpose of draining the bed is started and the surface water 
pumped back into the river. Thus the section is ready to work 
upon at the usual time of beginning work in the morning. The 
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surface sand is then removed, from one-half to one inch in depth. 
This is thrown into small piles about ten feet apart on the sur- 
face of the bed, then wheeled to a temporary dump on the lower 
roadway. 
Plate I, Fig. 1, shows the opetiilin of scraping in progress. 
SANDING. 


In the successive scrapings of the surface of the filter bed during 
the year a total of about ten or twelve inches in depth of the sand 
isremoved. All of thisis replaced at one time in the following man- 
ner: The surface of the filter hed between two surface conduits is 
first seraped and the scrapings removed; then a section along the 
distributing channel about five feet wide is spaded or loosened up, 
and from.the adjoining section, five feet wide, sufficient sand is — 
thrown up over the first section, adjoining the distributing chan- 
nel, to bring it to proper grade. New sand is then brought in to 
fill the lower half of the excavation thus made, and from the next 
adjoining five feet wide sufficient old sand is taken to cover. 
the new and bring that section to grade, and so on continuing the 
operation over the whole surface of the filter, working from the 
line of the distributing channel toward the opposite side of the bed, 
the object being to cover the\new sand with five or six inches cf the 
old sand, and keep the surface of the filter bed always of the old 
sand. 

WASHING SAND. 

Plate I, Fig. 2, shows the sand-washing machine. The bowls of 
the machine are four in number, and sand drops to the bottom of 
each bowl and is caught by an inflowing horizontal jet and carried 
across and upward through a 3-inch pipe into the next bowl. 
This is continued until it passes through the four bowls and then 


to the sand boxes. 


The process of washing sand from the lower ohio has been 
in operation for two months and gives as gogd results, both as to 
the amount of sand washed and the removal of river silt and 
organic matter, as the washing machine on the upper orn 
dump. 

' This method does away during the summer months with. the 
necessity of hauling the sand by teams from the lower roadway to 
the upper washing machine, which means a considerable saving in 
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Fig. 1.— REMOVING ICE FROM THE FILTER. 


Fie. 2.— NEw IcE Run. 
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team hire. Under the present system the sand is brought to the 
washer by a scraper with a horse attached, calling for a driver and 
one man to handle the scraper. Under the old method four single 
carts and six men were required to convey the unwashed sand to 


the washing apparatus. 
ICE. 


During the months of December, January, February, and March, 
scraping can seldom be accomplished without first removing ice 
- from the surface of the filter. In order to scrape a section of the 
filter at such a time, the ice, together with any snow which may 
be upon it, must first be removed, usually on the day before scrap- 
ing. In cold weather an additional coating of ice, sometimes one 
inch or more in thickness, forms before the filter is entirely drained, 
causing an increased cost and delay in scraping. 

On December 1, 1901, ice on the filter was four inches in thick- 
ness, and on December 8, 1901, it was twelve and one-half inches 
in thickness. 

Plate II, Fig. 1, shows the process of removing ice from the filter. 
Plate II, Fig. 2, shows an ice-run that was put in two years ago, 
and also the old machine in the distance. Tne old machine carried 
an 18-inch by 30-inch cake, this one carries a cake 36 inches square. 
It is attached to the old machine and is run by a belt. The deliv- 
ery is so high that we are enabled to cut all day without moving; 
with the old machine it was necessary to move three or four times 
daily. 


DIVISION WALLS. 


The filter was originally built in one unit of an area of two and 
one-half acres, so that when any portion needed scraping it was 
necessary to draw the water from the entire filter and put it 
temporarily out of service. In 1902 the water board authorized 
the building of two division walls, dividing the filter into three 
parts. As the filter is at present, when one section is out of serv- 
ice, whether for the purpose of scraping or sanding, the pumps 
are kept running, and the only loss in addition to the lessened 
quantity of water filtered is « decreased duty of the pumping 
engine. 

Plate III shows a part of the westerly section of the filter, show- 
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ing gate house, together with the exposed surface drainage pipe 
and the connection of the 30-inch main supply pipe with the old 
open distributing channel. 
Plate IV shows the westerly division wall, ‘with the 16-inch 

supply gate, also the 8-inch gate to be used for pumping from beds. 

Plate V illustrates the easterly wall and gate chamber, showing 
water on the easterly section and the water being let on the middle 
section of the filter. - 
. Plate VI is a general view of. the filter as it is to-day, and shows 
the two walls, with the water on the easterly section, the water 
being let on the middle section, and the. westerly section being 

I: know of no better description of the division walls than the 
following, furnished by Mr. A. D. Marble, city engineer, for the 
president of the water board: 


“To prevent the freezing of the whole filter bed in winter while a 
portion was being cleaned, as well as to allow two-thirds of the bed 
to be in use at all times during the entire year, two walls were con- 
structed last season across the bed, dividing the filtering area into 
three nearly equal parts. 
~ “A large iron pipe ranging from 30 inches to 16 inches in diameter 
was laid along the river side of the bed in the old conduit and con-. 
nected with the gate chamber, which supplies the bed with water 
from the river. This pipe feeds the different sections with the 
river water through 16-inch valves. 

“In the old conduit is also laid an 8-inch iron pipe which is con- 
nected with a pump and assists in removing the water from the 
surface of the bed when preparing to cleanit. This drain pipe also 
has valves connecting with each section of the bed. 

- “The conerete was mixed in the following proportions: One part 
of Atlas Portland cement, three parts sand, and five parts clean 
screened gravel. The top of the walls is at elevation 38, and on a 
level with the driveway andthe walk around the bed. The bot- 
tom of the foundation is at elevation 30.75 (about), or about 1 foot 
9 inches above the bottom of the underdrains. They were built 
as nearly as possible along the summit of the ridges in the bottom 
of the bed, and about 15 feet distant fr»m the underdrains that 
convey the filtered water to the pump well. Being located so far 
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from these underdrains, the danger of unfiltered water reaching 
the pump well from the disturbance of the bed was reduced to a 
minimum. 

“The foundation section of the walls is of three different thick- 
nesses, stepping up from 4 feet in thickness at the bottom to 2 feet 
8 inches in thickness just below the surface of the bed. Each step 
in the concrete has a rise of 9 inches and a tread of 4 inches, and 
makes an indirect course for the water down the sides of the foun- 
dation, and gives a bond for the sand filling. 

“The exposed section of the wall above the surface of the bed is 
2 feet thick, capped with a pointed granite flagging 1 foot thick 
and of a width just equal to the thickness of the wall. The top 
edge of this flagging is rounded, leaving no sharp edges to be 
broken off in the process of cleaning the bed of ice. 

‘The concrete walls run into the embankment at either end suffi- 
ciently to prevent the water leaking around them from one bed 
into the adjoining bed. 

“The valves on the feed pipe are located in small concrete cham- 
bers built close to the walls in one corner of the different sections. 

“A concrete apron outside the gate chamber receives the first 
wash of the water in refilling the bed from the river, and prevents 
the surface of the bed from being disturbed. 

“We anticipated that the foundations would be in river silt, 
and not very firm, so the plan was made for a plank foundation, 
but the bottom of the trench at the depth to which it was exca- 
vated was found so firm and solid that the only plank used in the 
foundation was a strip about 16 feet long over the filtered water 
conduit under the easterly wall.”’ 

RESERVOIR. 


Plate VII is a view of the reservoir taken from the top of the 
high-service tower, looking east. 


EFFICIENCY OF THE FILTER. 

The following tables show the bacterial efficiency of the filter 

for 1901 and for the first seven months of 1903, and the typhoid 
fever cases and deaths for 1901 and 1902: 
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TasLe No. 1. — BacreriaL EFFICIENCY OF THE LAWRENCE 
FILtTer. 


Monraty AvEeRAGES oF Dairy BactreriaAL ANALYSES OF WATER FROM 
DirFeRENT PLACES IN THE LAWRENCE DISTRIBUTION SYSTEM. 


(Bacteria per cubic centimeter.) 


River at Effluent from Filter. 


Intake of Per c’t. of Bac- 
Filter. Bacteria. teria Removed 
by Filtration. 
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* Average of the monthly averages. 
(Figures furnished by State Board of Health.) 


TYPHOID FEVER IN LAWRENCE, 


TABLE NO. 2. 
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DESCRIPTION OF PROPOSED NEW FILTER. 


The new covered slow sand filter to be built at Lawrence, Mass., 
from designs of Mr. Morris Knowles, C.E., formerly a member of 
the Lawrence Water Board, will be located west of the present 
open filter, and will be separated from it by a depressed court 
with granolithic pavement for the washing and storing of sand. 

In general design the new filter will be similar to the filters at 
Albany, N. Y., and Philadelphia, Pa., with concrete floor, walls, 
and vaulting. The filter will be 313 feet long and 103 feet wide 
inside, and will give a net filtering area of about ? of an acre. 

The floor will be built in the form of inve’ted groined arches, 
6 inches thick at the center and 15 inches thick under the piers. 
The concrete piers supporting the vaulting will be 15 feet center to 
center and will be 22 inches square down to the sand line, and from 
this point batter out to 2 feet 6 inches at the base. 

The outside walls will be 24 inches thick at the water line, with . 
the outside batter varying from 1 in 5 to 1 in 12, according to 
their position. The vaulting is to be built of concrete in the form of 
semi-elliptical groined arches, with a clear span of 13 feet 2 inches, 
rise of 2 feet 9 inches, 6 inches thick at the crown, and 21 inches 
thick over the piers. Ventilator openings will be provided for 
the admission of light and air during scraping. On top of the 
vaulting a layer of material 3 feet thick will be placed. 

The filter will also be provided with a sand run entrance and 
incline to allow for going in and out of the filter for the purpose of 
removing or replacing sand. 

The underdrain system will consist of a concrete main collector 
in the form of an arch above the general floor level, running the 
whole length of the filter, in the center bay. This collector is pro- 
vided with three manholes, to permit of entrance for cleaning, if 
occasion demands. From this main collector the laterals start 
out as 12-inch terra-cotta channel pipe, laid with open joints, and 
after running a distance of about 15 feet reduce to 6-inch terra- 
cotta pipe, laid with open joints, and extend to the center of the 
outside bay. 

The plan provides for 12 inches of gravel about the underdrains, 
and 44 feet of filter sand. : 

In the operation of the filter the river water will be carried from 


; 
j 
— 
‘ 
| 
| 


COLLINS. 297 


the present gate house by gravity through a 24-inch cast-iron pipe 
to the inlet chamber in one corner of the filter, where the flow is 
to be regulated by a regulating valve of special design. The water 
then: overflows the weirs in the walls of this chamber, and is car- 
ried by open troughs down along the side walls of the filter. These 
troughs are provided with orifices of varying sizes, according to 
their position in the filter, so that the inflowing water is uniformly 
distributed over the whole area of the bed without disturbing the 
sand. The water then passes down through the sand and gravel 
to the laterals, and by them is cairied to the main collector al- 
ready mentioned. 

It then passes out through a 24-inch cast-iron pipe and flows to 
the pump well of the present pumping station, where the flow is 
regulated by a float valve similar to those at Albany and Phila- 
delphia. 
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PROCEEDINGS. 


JUNE Fieup Day. 


WALTHAM AND NEwToNn, Mass., 
June 10, 1903. 

The June meeting of the Association was held at Norumbega 
Park, Auburndale, Mass., on Wednesday, June 10, 1903. 

Program. — Sail on Charles River, call at Waltham Pumping 
Station, dinner at Norumbega Park, visit to Waltham Watch 
Factory. 

Itinerary. — Leave Boston for Waltham at 8.59 a.m. from 
North Station (Fitchburg Division). 

Leave Waltham, Moody Street Bridge, by Charles River steam- 
boat, at 9.30 a.m. 

Arrive at Pumping Station of Waltham Water Works at 9.45 
A.M. 

Leave Pumping Station at 10.15 a.m. 

Arrive at Norumbega Park at 10.45 a.m. 

Meeting of the Executive Committee at 11 a.m. 

Dinner in pavilion at 11.30 a.m. 

Arrive at Watch Factory at 1.45 p.m. About two hours spent 
in passing through the factory. 

The following were in attendance: 


MEMBERS. 

S. A. Agnew, C. H. Baldwin, L. M. Bancroft, G. A. P. Bucknam, M. F. 
Collins, W. R. Conard, F. W. Dean, H. F. Gibbs, A. S. Glover, J. O. Hall, 
. D. A. Heffernan, H. G. Holden, J. A. Jones, E. W. Kent, Willard Kent, W. A. 
Kilbourn, G. A. King, C. F. Knowlton, D. A. Makepeace, W. E. Maybury, 
F, E. Merrill, H. A. Miller, J. W. Moran, Thomas Naylor, G. A. Sanborn, 
C. W. Sherman, H. O. Smith, J. E. Smith, G. A. Stacy, J. T. Stevens, W. F. 
Sullivan, W. H. Thomas, D. N. Tower, C. K. Walker, J. C. Whitney, W. P. 
Whittemore, Frank B. Wilkins, G, E. Winslow, E. T. Wiswall. — 39. 


ASSOCIATES. 
Ashton Valve Co., by C. W. Houghton; Barr Pumping Engine Co., by H. E. 


Grant; Builders Iron Foundry, by Frederick N. Connet; Chapman Valve _ 


Mfg. Co., by Edward F. Hughes; Coffin Valve Co., by H. L. Weston; Garlock 
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Packing Co., by Horace Hart; Hersey Mfg. Co., by Albert S. Glover and 
Walter A. Hersey; William Briggs, by Wm. Woodburn; Henry F. Jenks; 
Lamb & Ritchie, by H. F. Peck; Lead-Lined Iron Pipe Co., by T. E. Dwyer; 
National Meter Co., by Charles H. Baldwin and J. G. Lufkin; Neptune Meter 
Co., by H. H. Kinsey; Perrin, Seamans & Co., by J. C. Campbell; Ross Valve 
Co., by Wm. Ross; Sweet & Doyle, by H. L. DeWolfe; Thomson Meter Co. 
by S. D. Higley; Union Water Meter Co., by J. P. K. Otis; International 
Steam Pump Co., by Samuel Harrison. — 21. 


GUESTS. 

F. E. Hunter, West Newton, Mass.; L. P. Stone, Natick, Mass.; Frank P. 
Fisk, Milford, N. H.; F. W. Ingersoll, Engineer Pumping Station, Gloucester, 
Mass.; Mrs. George E. Winslow, Waltham, Mass.; Mrs. Wm. E. Maybury, 
Braintree, Mass.; Mrs. Samuel Harrison and Mrs. D. S. Dow, Somerville, 
Mass.; Mrs. Thomas Naylor, Maynard, Mass.; Mrs. Willard Kent, Narra- 
gansett Pier, R. I.; R. J. Crowley, Member Water Board, Lowell, Mass.; 
Miss Almira Winslow, Mrs. C. W. Houghton, J. O. Cheever, Boston, Mass.—14. 

After dinner the Association was called to order by President 

Charles K. Walker; the Secretary read the names of the following 
applicants for membership, who were recommended by the Ex- 


ecutive Committee: 


For Resident Member. 


Samuel C. Manley, Augusta, Me., Pres?fdent and General Man- 
ager Maine Water Company; W. J. Wetherbee, Leominster, Mass., 
Superintendent and Registrar, Leominster Water Works; M. J. 
Doherty, Natick, Mass., Engineer Metropolitan Water Works at 
Pegan Filter Beds. 


For Non-Resident Member. 


William Booth Bryan, London, England, Engineer-in-Chief 
East London Water Works Co. ; George T. Ingersoll, Schenectady, 
N. Y., Superintendent of Water Works; J.S. Robinson, Columbia, 
Tenn., Superintendent of the Columbia Water & Light Co. ; Robert 
N. Ellis, Jacksonville, Fla., Superintendent of Water Works. 


On motion, the Secretary was instructed to cast one ballot in 
favor of the applicants, which he did, and they were thereupon 
declared elected. 

The President announced that Mr. Henry F. Jenks had been 
appointed a committee to arrange for the exhibits of Associates 
at the Montreal Convention. 

The business meeting then adjourned 
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EXECUTIVE COMMITTEE. 


Records of Meeting of the Executive Committee of the New England 
Water Works Association, Friday, April 17, 1903, at head- 
quarters, Tremont Temple, Boston, Mass. 

* Present: President Charles K. Walker, V. C. Hastings, Edwin C. 

Brooks, George A. Stacy, H. G. Holden, Willard Kent, L. M. 

Bancroft, Charles W. Sherman, Robert J. Thomas, Frank E. 

Merrill. 

The following letter from Mr. 8. E. Tinkham, Secretary of the 
Boston Society of Civil Engineers, with reference to the admission 
of the New England Association of Gas Engineers to joint occu- 
pancy of rooms in Tremont Temple, was read: 


Boston Society or Crviz ENGINEERS, 
715 Tremont 
Boston, Mass., April 6, 1903. 
Mr. Kent, Sec’y N. E. W. W. Assoctation, 
NARRAGANSETT Prer, R. I.: 
Dear Sir, — The New England Association of Gas Engineers has asked this society if 
arrangements can be made by which that Association can use for its headquarters the rooms 
now used jointly by the Water Works Association and the Engineers’ iety. 
he Association of Gas Engineers has a membership of about two hundred men con- 
nected with the various gas companies in the New England states. At present it holds 
one meeting or ‘convention each year at some hotel in Boston, but it is the hope of its 
officers that by having 2 place in Boston where its members can re when they have 
a few minutes to spare and examine the periodicals on our tables, the usefulness of the 
society and the interest of its members may be iner a 
The Board of Government of the Engineers’ Society have assured the directors of the 
Gas Association that they viewed with favor any movement tending towards a common 
headquarters ofjthe several capnaeany, cupnnigntions located in Boston, but inasmuch as 
the rooms were used jointly with the Water Works Association, no definite answer could 
be given until after consultation with that Association. : 
In order that the matter may be fully and carefully considered, the Engineers’ Society 
has appointed a committee of three from its Board of Government, who are authori 
to represent that sdciety and to act definitely in the matter. _ 
If your Executive Committee look favorably upon this bringing tog 
tions having similar objects, it is suggested that a committee from its members be appointed 
to confer with our committee and see if some arrangement cannot be made beneficial to 


all interested. Wass 


+h 


of or gani 


TinxuaM, Secretary. 


and after due consideration and a general discussion, Willard 
Kent, Charles W. Sherman, and L. M. Bancroft were, on motion 
of Robert J. Thomas, elected a committee with power to act, 
to confer with the committee from the Board of Government of 
the Boston Society of Civil Engineers, to consider the question 
of increase of salary of the assistant secretary and to make such 
definite arrangements as might be deemed advisable in the 
premises. 

Messrs. Horace G. Holden and Frank E. Merrill of the com- 
mittee on June and September meetings reported at length with 
relation to the same, and on request of the committee and by 
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direction of President Charles K. Walker, Mr. J. O. A. LaForest, 
of Montreal, was made an additional member of the committee 
on the September convention. 
No further business appearing, the meeting was adjourned 
without day. 
Attest: 


WILLarD Kent, Secretary. 


Records of Meeting of the Executive Committee of the New England 
Water Works Association held at Norumbega Park, Auburndale, 
June 10, 1903. 

Present: President Charles K. Walker, E. W. Kent, George A. 
Stacy, H. G. Holden, Willard Kent, L. M. Bancroft, Charles W. 
Sherman. 

The following applications were considered and the applicants 
recommended for membership in the Association: Samuel C. 
Manley, Augusta, Me.; W. J. Wetherbee, Leominster, Mass.; 
M. J. Doherty, Natick, Mass.; Wm. Booth Bryan, Clapton, Lon- 
don; George T. Ingersoll, Schenectady, N. Y.; J. S. Robinson, 
Columbia, Tenn.; and Robert N. Ellis, Jacksonville, Florida. 

Attest: 
WILLARD Kent, Secretary. 


Meeting of the Executive Committee of the New England Water 
Works Association was held on August 13, 1903. 


Present: President Charles K. Walker, V. C. Hastings, E. C. 
Brooks, C. W. Sherman, L. M. Bancroft, R. J. Thomas, G. A. 
Stacy, and Willard Kent. 

The following applications are considered and the applicants 
recommended for membership in the Association: C. Dwight Sharpe, 
of Putnam Conn.; Tyler H. Bird, of Belfast, Me.; George S: Brown, 
of Danielson, Conn.; Bernon E. Helme, of Kingston, R. I.; Phil S. 
Smith, of Montpelier, Vt.; Thomas William Lesage, Montreal, 
Canada; S. A. Stearns, Granite, Ill.; George Janin, Montreal, 
Canada; and Jos. D. Pointer, of Palatka, Fla. 

On recommendation of Mr. Sherman the following amendment 
to the Constitution is approved by the Executive Comniittee, 
and it is voted that the proposed amendment be presented to 
the Association for action at the September Convention: 
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PROPOSED AMENDMENT TO CONSTITUTION, ARTICLE IV. 
Strike out from Section 2 the following: 


“which shall include a subscription to the Journal of the New 
England Water Works Association.” 


Add a new section as follows: 


“Section 4. Three dollars of the dues of each member or 
associate, or such portion thereof as may be required, shall annu- 
ally be applied to payment of a subscription to the Journal of 
the New England Water Works Association.” 


The report of the sub-committee, consisting of Messrs. Sher- 
man, Bancroft, and Kent, on the sub-lease of Association head- 
quarters and salary of assistant secretary, is made as follows: 
That the following agreement has been made with the Boston 
Society of Civil Engineers: | 

Memorandum of an agreement made April 30, 1903, by a committee repre- 
senting the Executive Committee of the New England Water Works Association 
and a committee representing the Board of Government of the Boston Society of 
Civil Engineers. 

First. That authority be given to the New England Association of Gas 
Engineers to use the rooms now occupied jointly by the two societies and to 
place upon the shelves such books as the Gas Association desire. 

Second. That the price of this use of the rooms to be paid by the Gas 
Association be fixed at one hundred dollars ($100) for one year. 

Third. That the income from this rental constitute an Improvement 
Fund for the improvement of the rooms and furniture, to be expended with 
the approval of the secretaries of the two societies. 


Wittarp Kent, E. W. Hows, 
Cartes W. SHERMAN, 8. E. 
Lewis M. Bancrort, F. P. McKrssen, 
Committee of the New England Water Committee of the Boston Society of 
Works Association. Civil Engineers. 
and that the salary of the assistant secretary has been made 
$35 per month. 


Whereupon it is voted that the report of the sub-committee 
be accepted and their action approved. 

Voted: That William Lyman Underwood be invited to address 
the Association at Montreal on the subject of “Mosquitoes, and 
Suggestions for their Extermination,” and that his expenses in 
connection therewith be borne by the Association. 


Adjourned. 
Kent, Secretary. 
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OBITUARY. 
OBITUARY. 

CHARLES F. Parks, who was elected a member of the Associa- 
tion on December 11, 1889, died on April 21, 1903. 

He was born April 10, 1850, and was educated as a civil en- 
gineer at the Massachusetts Institute of Technology. After 
leaving the Institute he began practice in general engineering 
work at Waltham, Mass., and later became engineer for the town. 
In 1885 he formed a partnership with Mr. William Wheeler under 
the firm name of Wheeler & Parks; the firm built the water works 
at Belfast, Me.; Exeter and Derry, N. H.; Putnam, Danielson, 
Portland, Stonington, and Mystic, Conn.; Braintree and Cottage 
City, Mass.; Palatka, Fla.; Paris and Winchester, Ky.; and also 
reconstructed the works at Ashland, Wis., and Knoxville, Tenn. 
The partnership was dissolved in 1894. Mr. Parks subsequently 
built the water works at Pittsfield, Me., but thereafter until the 
time of his death he devoted the greater part of his time to his 
private interests and to the care of his health. 


James M. Gate, for forty years chief engineer of the water 
department of Glasgow, Scotland, died September 7, 1903. He 
was born in Ayr in 1830, and at the age of fourteen he joined 
the engineering staff of an elder brother, William Gale, then 
engineer for the Gorbals Water Company, with whom he re- 
mained until 1855. During this time he attended the famous 
engineering lectures of Professor Rankine and the mathematical 
lectures of Professor Laing. In 1855 he was appointed resident 
engineer on the city section of the Glasgow water works, then 
being constructed under J. F. Bateman, and on their completion 

-in 1859 he was appointed chief engineer. From that time until 
1902 he was in continuous charge of the works. Under his direc- 
tion the waste of water was curtailed and many important new 
works built, including a second aqueduct from Loch Katrine. 

Mr. Gale was elected an Honorary Member of the New England 
Water Works Association on January 16, 1889. 
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